The plants commonly known as morning glory belong to the genera Ipomoea and Merremia and are among the most important weeds in Brazil. Greenhouse studies were conducted in 2016/2017 to compare the susceptibility of different morning glory species -Ipomoea quamoclit, I. nil, I. hederifolia, I. triloba, Merremia aegyptia, and M. cissoides to soil-applied herbicides and to evaluate the effectiveness of these herbicides after periods of drought. In the first experiment, to evaluate the efficacy of each herbicide at pre-emergence stage, a fully randomized 6 (doses) x 6 (species) factorial experimental design with six replicates was used. The herbicides tebuthiuron (3,200; 1,600; 800; 400; 200 and 0.0 g a.i ha ) were applied. Ipomoea hederifolia, I. nil, and I. quamoclit were most susceptible to saflufenacil; I. triloba and M. cissoides were most susceptible to tebuthiuron; and M. aegyptia was most susceptible to amicarbazone. Therefore, the best herbicide treatment depends on the species of morning glory. In the second experiment, to determine the effectiveness of herbicides after periods of drought, the treatments were arranged, for each herbicide, in a fully randomized 6 x 5 factorial design with four replicates, six species of morning glory, and five sowing times after periods of drought (0, 15, 30, 45, and 60 days after application (DAA) of the herbicides) relative to the application of the amicarbazone (1,050 g a.i ha -1
Introduction
Invasive species of the Convolvulaceae family are highly competitive weeds, especially those belonging to the genera Ipomoea and Merremia that are commonly known as morning glory. These plants are native to South America and reproduce by seeds with approximately 50 to 300 diaspores per plant, of which only a small percentage germinate quickly while the others germinate randomly over time (Kissmann and Groth, 1999) . These plants are problematic due to their climbing growth habit and twining stems and vines, which wrap themselves around crop culms and establish themselves at the apex of plants, which negatively affects photosynthetic efficiency and impedes mechanized harvesting by clogging the harvester (Correia; Durigan, 2004; Christoffoleti et al., 2006) . The intensity of the losses caused by weeds varies according to which species are in the crop production area. Plants of the Ipomoea and Merremia genera are morphologically similar and predominantly known by their common names, which hinders correct identification and may prejudice the proper choice of herbicide (Christoffoleti et al., 2007) . Within the Ipomoea and Merremia, species such as Ipomoea triloba, I. hederifolia, I. nil, I. quamoclit, Merremia cissoides, and M. aegyptia are particularly important weeds (Correia and Durigan, 2004; Monquero et al., 2008a; Monquero et al. 2011) . Over time, increased infestation by species of climbing plants, such Ipomoea and Merremia, has been observed in areas of sugarcane cultivation, and it is possible that the maintenance of sugarcane straw on the soil surface creates an environment that is more favorable for seed germination and the development of such plants due to the lower daily temperature range, greater conservation of soil moisture and soil chemical and physical improvement. Furthermore, mechanized harvesting of sugarcane facilitates the spread of morning glory seeds, either in the same area or from one area to another (Correia, 2016) . A phytosociological survey of infested communities in 28 sugarcane agroecosystems indicated the presence of different morning glory species (I. nil, I. quamoclit, I. hederifolia, I. triloba, I. purpurea, and M. cissoides) , and in 17 areas, the species were present in sufficient quantities to be considered important (Kuva et al., 2007) . It has been reported that competition with Ipomoea spp. can reduce sugarcane production by 36% (Bhullar et al., 2012) . Carvalho et al. (2014) observed that allowing I. hederifolia plants to coexist with corn crops reduced the growth of and accumulation of macronutrients by the corn plants with negative consequences for crop productivity and serious disturbances during mechanical harvesting when the weed is fully developed. In soybean, one Ipomoea plant•m −2 can reduce the yield by approximately 26%, and the negative impact of I. purpurea on soybean growth and yield is greater than that of I. grandifolia (Pagnoncelli et al., 2017) . Although they possess similar characteristics, species within a genus -and in the case of morning glory, different genera -may differ in their susceptibility to an herbicide and thus may not respond uniformly to its application Orzari et al., 2013; Campos et al., 2009 ). Therefore, species-specific recommendations may be necessary. Doseresponse curves are often used to quantify plant sensitivity to an herbicide (Seefeldt et al., 1995) and can be developed from herbicide bioassays. Tests of the susceptibility of the species I. quamoclit, I. triloba, and M. cissoides to the herbicides sulfentrazone and amicarbazone have indicated that I. quamoclit is the most sensitive species, and the order of the susceptibility of tested species to sulfentrazone was I. quamoclit>M.
cissoides>I. triloba, whereas for amicarbazone, the order was I. quamoclit>I. triloba>M. cissoides (Campos et al., 2009 ). The herbicides imazapic (sprayed pre-emergence in the dry and semi-wet seasons) and mesotrione alone (applied post-emergence in the wet season) in sugarcane culture resulted in a lower control percentage of M. aegyptia but excellent control of I. hederifolia, I. nil, I. quamoclit and I. triloba (Correia, 2016) .
The need to control these species during winter, a period characterized by a lack of water, is common, especially in the Southeast Region of Brazil. Non-photodegraded herbicides with a low tendency toward volatility, high solubility in water, low sorption to soil colloids, and a primarily microbial degradation route generally perform satisfactorily when applied during the dry season (Monquero et al., 2008b; Carvalho et al., 2006) . Thus, it is important to evaluate the effect of drought periods on the ability of herbicides to control morning glory species. The objectives of this work were to estimate the susceptibility of different morning glory species (I. triloba, I. nil, I. hederifolia, I. quamoclit, M. aegyptia, and M. cissoides) to residual herbicides applied during the pre-emergence stage and to determine the effect of drought periods on the efficacy of these herbicides.
Results and Discussion
Experiment 1: Susceptibility of different morning glory species to residual herbicides applied during the preemergence stage
The tested morning glory species showed high susceptibility to the herbicide amicarbazone; I. hederifolia only had lower susceptibility than the others at a dose of 187 g a.i ha -1 (Fig.   1 (Carvalho et al., 2011) . Doses of imazapic at or above 90 g ha -1 provided effective control of I. triloba, M. aegyptia, and M. cissoides, which only demonstrated decreased susceptibility at a dose of 22 g a.i ha -1 (Fig. 1) . The dry biomass weight data indicate the negative effects of herbicides, even at doses lower than the commercial rate. For imazapic, the biomass data indicate that only I. triloba experienced levels of control lower than those of the other species below the commercial dose; a reduction in biomass greater than 80% was achieved at or above the commercial dose (Fig. 1) .
Seeking to evaluate the control of I. nil using the herbicides amicarbazone (1,050 g a.i ha ), Azania et al. (2009) observed excellent control by both herbicides at 90 days after application (DAA), but unlike the results observed in this study, imazapic was considered to be ineffective, resulting in less than 65% control. In this case, the herbicide may have undergone environmental degradation that reduced its efficacy. For the species I. grandifolia, I. hederifolia, I. nil, I. purpurea, I. quamoclit, and M. cissoides, Lucio et al. (2011) found control percentages of 25% and 53% (in the presence and absence of straw, respectively) at 21 DAA and 80% at 42 DAA.
Sulfentrazone was efficient at controlling the tested species, reinforcing the susceptibility of I. nil and I. quamoclit, even at the lowest dose used; these species were fully controlled by half the commercial dose and above ( Fig.  2) . At lower doses, a marked reduction in the dry biomass of the aerial portions of the plants was observed for all the tested species. At lower doses of tebuthiuron, I. nil and I. hederifolia demonstrated less susceptibility than the other tested species, but when using half the commercial dose or more, all species were effectively controlled (Fig. 2) . The biomass data corroborate the finding of a lower percentage of control for I. hederifolia and I. nil at the lowest doses tested (Fig. 2) .
These results agree with those obtained by Silva et al. (2015) in sugarcane straw for the herbicides sulfentrazone (800 g a.i ha ) as well as their combinations at different doses for the control of morning glory species. According to the authors, M. aegyptia was efficiently controlled with the herbicides amicarbazone (99.99%) and sulfentrazone (88.00%) but less efficiently controlled with hexazinone (75%).
The control of M. cissoides, I. triloba, and I. quamoclit by the pre-emergence application of the herbicide sulfentrazone (800 g a.i ha ) also adequately controlled the three weed species, except at 15 DAA when the maximum level of control stabilized at 80% (Campos et al., 2009) .
At half its commercial dose, the herbicide mesotrione controlled more than 80% of the tested samples, but M. cissoides was controlled less than the other tested species at a dose of 31 g a.i ha -1 . Marked reductions in dry biomass were observed, which indicates effective control by the herbicide (Fig. 3) . By inhibiting p-hydroxyphenylpyruvate dioxygenase (HPPD)-inhibiting triketone, the mesotrione herbicide depletes plastoquinone levels, thus reducing carotenoids. This leads to bleaching symptoms followed by necrosis of the meristematic tissue within 3 to 5 days of application and then throughout the entire plant by approximately 2 weeks (Wichert et al., 1999) .
Saflufenacil had a similar effect on the tested species at all doses and resulted in a high percentage of control; dry biomass was greatly reduced at 15 g a.i ha -1 (Fig. 3) . Currently, the highest use rates (e.g., >50 g a.i ha -1 ) of saflufenacil are for pre-broadleaf weed control in corn and sugarcane fields. Such rates provide residual control of troublesome and herbicide-resistant broadleaf weeds such as morning glories (Ipomoea spp.), tall waterhemp [Amaranthus tuberculatus (Moq.) Sauer], giant ragweed (Ambrosia trifida L.), common cocklebur (Xanthium strumarium L.), and velvetleaf (Abutilon theophrasti Medik.) (Gannon et al., 2014) .
Experiment 2: Effect of drought on the efficacy of residual herbicides applied in the pre-emergence stage to different species of morning glory After drought, the control of morning glory species by amicarbazone was reduced, but this reduction varied depending on the species. Sowing on the day of herbicide application led to efficient control (above 80%) of all the tested species, but when sowing was performed 60 days after a period of drought, the level of control of M. aegyptia was approximately 80% but less than 30% for M. cissoides (Fig. 4) . A greater reduction in the biomass of I. hederifolia, M. cissoides, and I. nil was verified for sowing 30 or more days after spraying (Fig. 4) . Perim et al. (2009) verified that, regardless of the morning glory species tested (I. triloba or M. cissoides), amicarbazone provided total control at the studied herbicide doses (700, 1,050, and 1,400 g ha -1
), even when sowing was performed 21 DAA of herbicide. Takano et al. (2015) observed that the use of amicarbazone and imazapic was effective at controlling Senna obtusifolia in soils with different textures during the dry season, but only in initial evaluations. A similar result was obtained by Giancotti et al. (2012) , who found that amicarbazone was inefficient at controlling grasses subjected to 60 days of drought.
Similarly, control by the herbicide imazapic decreases during the time between application and sowing, but this decrease is more significant when sowing occurs 30 DAA or more in drought conditions, and the level of control differs among species. The species I. hederifolia, I. quamoclit, and M. cissoides were not controlled when sowing occurred after 60 days of drought; only mild chlorosis was verified. Greater susceptibility was confirmed for I. triloba, and control close to 60% was verified when 60 days of drought occurred after application (Fig. 6) . The lowest reduction in dry biomass was observed for I. hederifolia, M. cissoides, and I. quamoclit (Fig. 4) . Carvalho et al. (2012) observed the activity of the herbicide imazapic in soil after 90 days of drought, but the authors worked with a bioindicator plant characterized by high susceptibility.
According to Carvalho et al. (2012) , the residual activity of imazapic and amicarbazone, when applied on bioindicator plants (cucumber) during different periods of the year, showed control for up to 130 days in the field when herbicide was applied in June. For applications in August (after 70 days in the field without rainfall), the control of the bioindicator by the herbicides imazapic, amicarbazone, and hexazinone was greater than 90%. Imidazolinones, the chemical group to which this herbicide belongs, dissipate via microbial degradation and photolytic decomposition, especially when exposed to ultraviolet light (Mallipudi et al., 1991) . Microbial activity, which is the primary route of degradation, is reduced in dry soil, so the molecule is more persistent.
The use of tebuthiuron resulted in a greater reduction in the control of M. aegyptia and I. hederifolia compared to the other species when sowing occurred 15 or more DAA; for I. quamoclit and I. triloba, this reduction was most evident when sowing occurred 40 or more DAA. When sowing was performed 60 DAA, weed control was less than 60% regardless of species. The measured biomass values indicate the distinct effects of the herbicides on the different species studied, with a smaller effect on the accumulation of biomass by M. cissoides and M. aegyptia, especially when sowing was performed later relative to application (Fig. 5) . Under field conditions, Souza et al. (2008) determined that tebuthiuron would not be found in rainwater samples after a period of approximately 180 days due to its biological degradation or retention in clay particles; reduced efficacy begins 30 DAA.
Sulfentrazone resulted in a more discrete reduction in control over time; greater than 80% control of I. triloba and I. quamoclit and close to 80% control of I. nil and I. hederifolia were observed after 60 days. A larger reduction was observed in the control of M. cissoides and M. aegyptia with more time between application and sowing (Fig. 5) . The data for the dry biomass of the aerial portions of the plants indicate greater reductions in I. triloba and I. quamoclit. Blanco and Velini (2005) determined the persistence of sulfentrazone 376 DAA at the lowest dose (600 g a.i ha Sulfentrazone is registered in Brazil for use on soybean, sugarcane, coffee, and citrus crops. It belongs to the aryltriazolinone group and has a solubility of 780 mg L -1 (pH 7) (Rodrigues; Almeida 2015). Therefore, leaching of the herbicide from the superficial layers of the sample pot could have occurred in this study, thereby reducing control of the weeds, which were sown superficially. Moreover, the species tested are less susceptible than the bioindicator used in a previous persistence study.
Dry season application of sulfentrazone, which exhibited a long period of persistence on the crop residue before rainfall, resulted in significant losses in terms of the amount of herbicide reaching the soil, so the dose may need to be seasonally adjusted to offset these losses. However, the sensitivity of target weeds to sulfentrazone and the aspects related to selectivity should also be considered to avoid any injury to the crop in the case of early rains (Carbonari et al., 2016) .
Saflufenacil only efficiently controlled weeds, regardless of species, when sowing was performed on the day of the application, and a reduction in its efficacy was observed over time. The species I. hederifolia, I. quamoclit, and M. cissoides were less susceptible to this herbicide than the other species tested; a more pronounced reduction in control was observed with a longer period between sowing and application, and there were no signs of phytotoxicity when sowing was performed 60 DAA. The highest control percentage (50%) was observed for M. aegyptia. These results were reinforced upon observing the lowest percentage of biomass reduction over all tested sowing times (Fig. 6) . Monquero et al. (2008b) verified that the efficacy of saflufenacil remained near 80% control of the bioindicator, even when application was followed by 28 days of drought. However, there was a marked decrease in the performance of the herbicide after this period. According to Diesel (2014) , the persistence of saflufenacil in Dystroferric Red Latosol, as determined by bioassays with cucumbers and beets, was between 25 and 35 DAA of the herbicide, which explains the low levels of control observed with time between sowing and application. These authors also found a high degree of variability in the tolerance of different bean varieties to saflufenacil.
Sowing up to 30 DAA of mesotrione resulted in the effective control of the species tested, except for M. aegyptia, which exhibited less susceptibility for this sowing period, and at 60 days, the highest percentage of control was observed in I. triloba (38%). The biomass data show a reduction in the residual activity and efficacy of the herbicide throughout the tested sowing periods (Fig. 6) . Mesotrione is applied at relatively low rates compared to traditional herbicides (g a.i ha 1 compared to kg a.i ha 1 ) and undergoes soil dissipation in a manner similar to other herbicides by following first-order kinetics.
The residual activity of mesotrione persists during corn crop harvesting when applied at relatively low doses (100 g ha -1
), but mesotrione is degraded before the next crop is planted, so it does not cause residual phytotoxic effects in subsequent crops (Rouchaud et al., 2000) .
The lower levels of control observed after varying drought periods may be associated with herbicide loss through volatilization due to the high temperature at the soil surface, photodegradation, chemical degradation, and sorption and desorption processes, which can explain the reduced efficacy of these herbicides (Silva et al., 2007) .
Our results demonstrate that species of the Ipomoea and Merremia genera have different levels of susceptibility to herbicides. When herbicides are applied during the postemergence stage, I. hederifolia, I. nil, I. quamoclit, I. triloba, and M. aegyptia are most sensitive to saflufenacil, and M. cissoides is most sensitive to tebuthiuron. The lowest susceptibility across the tested species was to imazapic, and I. triloba was the most sensitive to herbicides overall.
For herbicides applied during the pre-emergence stage, I. hederifolia, I. nil, and I. quamoclit are most sensitive to saflufenacil; I. triloba and M. cissoides are most sensitive to tebuthiuron; and M. aegyptia is most sensitive to amicarbazone. The lowest susceptibility across the tested species was to mesotrione, and I. quamoclit was the most sensitive to herbicides overall.
For most of the Ipomoea and Merremia species tested in this study, effective control after periods of drought occurred after 15 days for the herbicide saflufenacil; after 30 days for the herbicides imazapic, mesotrione, and tebuthiuron; after 45 days for amicarbazone; and after 60 days for sulfentrazone. Table 1 . I. nil, I. hederifolia, I. quamoclit, I. triloba, M. aegyptia, and M. cissoides were provided by Agro Cosmos Ltd. (Engenheiro Coelho -SP, Brazil). After sowing (10 seeds per pot), pots were irrigated, and herbicides were applied 24 hours later.
Materials and Methods

Experiment
Plant materials
Seeds of
Treatments and experimental design
The herbicides were treated as independent experiments with a fully randomized 6 x 6 factorial design with six replicates of six species of morning glory (I. nil, I. hederifolia, I. quamoclit, I. triloba, M. aegyptia, and M. cissoides) A CO 2 -pressurized backpack sprayer was used to apply the herbicides at a pressure of 30 lb in -2 through a bar containing four XR 11003 fan nozzles spaced 0.5 m apart. A total of 200 L ha -1 of the spray mixture was consumed. Pre-emergence application of the herbicides was performed one day after the weed seeds were sown. The meteorological data at the times of herbicide application were as follows: wind speeds of 0.8 m s -1 , humidity of 63.2, and a temperature of 26.2 °C.
Variables assessed
Evaluations were performed 35 DAA. To determine phytotoxicity, a percentage grading scale was used in which 0 (zero) corresponded to no injury to the plant and 100 (one hundred) indicated plant death (ALAM, 1974) . At 35 DAA, the aerial part of the plants was cut, and the weight of the dry biomass was determined by heating in a forced-air oven (60 °C+/-2 °C) until a constant weight was reached. The reduction in the percentage of dry biomass relative to that of the control plants was evaluated.
Statistical analysis
The obtained data were submitted to an analysis of variance using an F-test. Quantitative data were analyzed using nonlinear regressions with the statistical program SigmaPlot (version 10.0) from Systat Software, Inc., San Jose California USA. Table 1 .
Treatments and experimental design
For each herbicide, a fully randomized 5 x 6 factorial design was implemented with six replicates of five durations of drought after herbicide application (-0, 15, 30, 45 , and 60 DAA) and six species of morning glory (I. nil, I. hederifolia, I. quamoclit, I. triloba, M. aegyptia, and M. cissoides) . Each herbicide was used alone at the following doses: amicarbazone (1,050 g a.i ha ). An application without the herbicide treatment served as the control.
Herbicides were applied at a pressure of 30 lb in -2 with the aid of a CO 2 -pressurized backpack sprayer equipped with a bar containing four XR11003 fan nozzles spaced 0.5 m apart, and 200 L ha -1 of the spray mixture was consumed. The meteorological data at the time of application were as follows: wind speed of 2.2 m/s, humidity of 65.9%, and temperature of 25.6 °C.
Plant materials
Seeds of I.pomoea nil, I. hederifolia, I. quamoclit, I. triloba, M. aegyptia, and M. cissoides were provided by Agro Cosmos Ltd. (Engenheiro Coelho -SP, Brazil). After the herbicides were applied, the pots were kept in a greenhouse with no irrigation until sowing (0, 15, 30, 45, and 60 DAA) . Ten seeds of each species were sown at a depth of 1 cm with minimal soil rotation.
Variables assessed
The effects of herbicide treatments on the plants were evaluated at 35 DAA in accordance with the visual symptoms of phytotoxicity, which involves the use of a percentage grading scale in which 0 (zero) corresponds to no injury to the plant and 100 (one hundred) indicates plant death (ALAM, 1974) . At 35 DAA, the plants were cut, and the weight of the dry biomass was determined by drying in a forced-air oven (60 °C+/-2 °C) until a constant weight was reached. The biomass values for plants after herbicide treatment were compared with those of the control plants, and the % reduction was calculated.
Statistical analysis
The resulting data were submitted to an analysis of variance using an F-test, and the means were compared via Tukey's test at the 5% level of probability using the statistical program ASSISTAT. Quantitative data were analyzed using non-linear regression via the statistical program SigmaPlot (version 10.0).
Conclusion
Ipomoea hederifolia, I. nil, and I. quamoclit were most susceptible to saflufenacil; I. triloba and M. cissoides were most susceptible to tebuthiuron; and M. aegyptia was most susceptible to amicarbazone. The effectiveness of herbicides after periods of drought began to decrease after 15 days for saflufenacil; 30 days for imazapic, mesotrione, and tebuthiuron; 45 days for amicarbazone; and 60 days for sulfentrazone.
